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(54) ELECTRODE STRUCTURE FOR SOLID POLYMER FUEL CELL AND ITS MANUFACTURING 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode structure for a solid polymer fuel cell and its 
manufacturing method having a high reaction efficiency of a catalyst capable of establishing a high 
output and high efficiency. 

SOLUTION: A 1st laminate having a 1st anode catalyst layer and a 1st cathode catalyst layer formed 
on both sides of a polymer electrolyte film is produced, and a 2nd laminate having a 2nd anode catalyst 
layer formed on an anode diffusion layer is produced. The 1st and the 2nd laminates are joined to each 
other so that the 1st anode catalyst layer of the 1st laminate comes into contact with the 2nd anode 
catalyst layer of the 2nd laminates. A 3rd laminate having a 2nd cathode catalyst layer formed on a 
cathode diffusion layer is produced, and the 1st and the 3rd laminates are joined each other so that 
the 1st cathode catalyst layer of the 1st laminate comes into contact with a 3rd cathode catalyst layer 
of the 3rd laminate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the electrode structure for polymer electrolyte fuel cells which carried out the laminating of the cathode to 

the anode which carried out the laminating of the 1st catalyst bed, 2nd catalyst bed, and diffusion layer to 

the polyelectrolyte film in this sequence, and the opposite hand of said polyelectrolyte film, 

The electrode structure for polymer electrolyte fuel cells characterized by making the void content of said 

2nd catalyst bed larger than the void content of said 1 st catalyst bed. 

[Claim 2] 

Said cathode is the electrode structure for polymer electrolyte fuel cells according to claim 1 characterized 
by having come to carry out the laminating of the 1st catalyst bed, 2nd catalyst bed, and diffusion layer to 
the polyelectrolyte film in this sequence, and making the void content of said 2nd catalyst bed larger than 
the void content of said 1st catalyst bed. 
[Claim 3] 

The 1st layered product in which the 1st anode catalyst bed and the 1st cathode catalyst bed were formed to 
both sides of the polyelectrolyte film is produced, 

The 2nd layered product in which the 2nd anode catalyst bed was formed on the front face of an anode 
diffusion layer is produced, 

The manufacture approach of the electrode structure for polymer electrolyte fuel cells characterized by 
joining the said 1st and 2nd layered product mutually so that said 1st anode catalyst bed of said 1st layered 
product and said 2nd anode catalyst bed of said 2nd layered product may touch. 
[Claim 4] 

The 3rd layered product in which the 2nd cathode catalyst bed was formed on the front face of a cathode 
diffusion layer is produced, 

The manufacture approach of the electrode structure for polymer electrolyte fuel cells according to claim 3 
characterized by joining the said 1st and 3rd layered product mutually so that said 1st cathode catalyst bed 
of said 1st layered product and said 3rd cathode catalyst bed of said 3rd layered product may touch. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the electrode structure for polymer electrolyte fuel cells, and relates to the electrode 
structure for polymer electrolyte fuel cells which raised the reaction effectiveness of a catalyst especially, 
and its manufacture approach. 
[0002] 

[Description of the Prior Art] 

A polymer electrolyte fuel cell is plate-like membrane electrode complex (MEA: Membrane Ele-). 
ctrode The laminating of the separator is carried out and it is constituted by the both sides of Assembly. 
Membrane electrode complex is a layered product by which the polyelectrolyte film was sandwiched 
between the electrode catalyst bed by the side of a cathode, and the electrode catalyst bed by the side of an 
anode, and the laminating of the gaseous diffusion layer was generally carried out to the outside of each 
electrode catalyst bed, respectively. If a oxidizing gas is passed to the gas passageway of the separator 
which was allotted to the gas passageway of the separator allotted to the anode side in hydrogen gas at the 
sink and cathode side, for example according to such a fuel cell, electrochemical reaction will occur and a 
current will occur. 
[0003] 

A gaseous diffusion layer diffuses fuel gas and a oxidizing gas in it at the same time it makes the electron 
generated according to electrochemical reaction transmit between an electrode catalyst bed and a separator 
during actuation of a fuel cell. Moreover, the electrode catalyst bed by the side of an anode makes fuel gas 
cause a chemical reaction, and makes it generate a proton (H+) and an electron, the electrode catalyst bed by 
the side of a cathode generates water from oxygen, a proton, and an electron, and an electrolyte membrane 
carries out ionic conduction of the proton. And power is taken out through the electrode catalyst bed of 
positive/negative. Here, what mixed the carbon particle with which the catalyst bed supported catalyst 
particles, such as Pt, and the electrolyte which consists of an ion conductive polymer is known (for example, 
patent reference 1 reference). 
[0004] 

[Patent reference 1] 
JP,2000-243404,A (2 pages) 
[0005] 

[Problem(s) to be Solved by the Invention] 

However, the catalyst metal is expensive, and although it is necessary to decrease the amount used, if the 

amount used is decreased, generation efficiency will fall. 

[0006] 

Then, this invention is made in view of the above-mentioned actual condition, and aims at offering the 
electrode structure for polymer electrolyte fuel cells which can attain high power and a well head with the 
catalyst metal of the minimal dose, and its manufacture approach. 
[0007] 

[Means for Solving the Problem] 

The electrode structure for polymer electrolyte fuel cells of this invention is characterized by making the 
void content of the 2nd catalyst bed larger than the void content of said 1st catalyst bed in the electrode 
structure for polymer electrolyte fuel cells which carried out the laminating of the cathode to the anode 
which carried out the laminating of the 1st catalyst bed, 2nd catalyst bed, and diffusion layer in this 
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sequence at the polyelectrolyte film, and the opposite hand of the polyelectrolyte film. 
[0008] 

According to this invention, since the void content of the 2nd catalyst bed by the side of a diffusion layer is 
large, the permeability of a fuel is good and is smoothly supplied to the 1st catalyst bed. On the other hand, 
in the 1 st catalyst bed by the side of the polyelectrolyte film, since a void content is low and precise, the 
contact frequency of a fiiel and a catalyst metal is high, therefore the reaction which generates a proton from 
a fuel is promoted. Therefore, the catalyst metal of the minimal dose can attain high power and a well head. 
[0009] 

Here, as for a cathode, it is desirable to be able to carry out the laminating of the 1 st catalyst bed, 2nd 
catalyst bed, and diffusion layer, to be able to constitute them from this sequence on the polyelectrolyte film, 
and to make the void content of the 2nd catalyst bed like an anode, larger than the void content of the 1 st 
catalyst bed also in such a case. In such a mode, since the void content of the 1 st catalyst bed is low and 
precise, the contact frequency of a proton and oxygen, and a catalyst metal is high, therefore the reaction 
which generates water from a proton and oxygen is promoted. Moreover, in the 2nd catalyst bed, the water 
generated since the void content was large is discharged promptly. 
[0010] 

Next, the manufacture approach of the electrode structure for polymer electrolyte fuel cells of this invention 
The 1st layered product in which the 1st anode catalyst bed and the 1st cathode catalyst bed were formed to 
both sides of the polyelectrolyte film is produced. The 2nd layered product in which the 2nd anode catalyst 
bed was formed on the front face of an anode diffusion layer is produced, and it is characterized by joining 
the 1st and 2nd layered product mutually so that the 1st anode catalyst bed of the 1st layered product and the 
2nd anode catalyst bed of the 2nd layered product may touch. 
[0011] 

In the above manufacture approaches, since the catalyst bed of an anode can be constituted in two or more 
layers, the optimal property for each catalyst bed can be given. For example, the void content of the 2nd 
catalyst bed can be made larger than the void content of said 1st catalyst bed as mentioned above. Or the 
amount and class of catalyst metal are also changeable by the 1st and 2nd catalyst bed. 
[0012] 

Here, the above manufacture approaches are applicable also to a cathode. That is, the 3rd layered product in 

which the 2nd cathode catalyst bed was formed on the front face of a cathode diffusion layer is produced, 

and the 1st and 3rd layered product is mutually joined so that the 1st cathode catalyst bed of the 1st layered 

product and the 3rd cathode catalyst bed of the 3rd layered product may touch. 

[0013] 

[Example] 

Next, with reference to the example and the example of a comparison of the electrode structure for polymer 
electrolyte fuel cells of this invention, the effectiveness of this invention is explained concretely. 
<Example 1> 

1. Production of Electrolysis Film-Electrode Complex 

2.5g (trade name: VGCF, Showa Denko K.K. make) of crystalline carbon fibers was mixed with lOg (trade 
name: TEC10E50E, Tanaka Kikinzoku Kogyo make) of platinum support carbon particles which set the 
weight ratio of ion conductive polymer (trade name: NafionSE20192, product made from Dupont) 35g, and 
carbon black and platinum to 50:50, and it considered as the cathode catalyst paste. Spreading desiccation of 
this cathode catalyst paste was carried out so that the amount of Pt(s) might serve as 0.3 mg/cm2 on an FEP 
sheet, and it considered as the cathode electrode sheet (for the 1st cathode catalyst bed). 
[0014] 

lOg (trade name: TEC 61E54, Pt:Ru=l :1, Tanaka Kikinzoku Kogyo make) of Pt-Ru support carbon particles 
which set the weight ratio of ion conductive polymer (trade name: NafionSE20192, product made from 
Dupont) 36. 8g, and a carbon black and a catalyst to 46:54 was mixed, and it considered as the anode catalyst 
paste. Spreading desiccation of this anode catalyst paste was carried out so that the amount of catalysts 
might serve as 0.2 mg/cm2 on an FEP sheet, and it considered as the anode electrode sheet (for the 1st anode 
catalyst bed). These cathode electrode sheet and the anode electrode sheet were imprinted on the electrolysis 
film by the decal method, and electrolysis film-electrode complex was produced. 
[0015] 

2. Production of Cathode Diffusion Layer 

2.5g (VGCF: Showa Denko make) of crystalline carbon fibers was mixed to lOg (TEC10E50E, Tanaka 
Kikinzoku Kogyo make) of platinum support carbon particles which set the weight ratio of ion conductive 
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polymer (trade name: NafionSESl 12, product made from Dupont) lOOg, carbon black, and platinum to 
50:50, and it considered as the substrate layer paste C (for the 2nd cathode catalyst bed). Moreover, 18g 
(trade name: made in [ Cabot ] the Balkan Peninsula XC75) of carbon black powder was mixed with 12g 
(trade name: L170J, Asahi Glass Co., Ltd. make) of Teflon (trademark) powder to ethylene glycol, and it 
considered as the substrate layer paste B. 
[0016] 

After applying and calcinating the substrate layer paste B on the carbon paper (trade name: TGP060, Toray 
Industries, Inc. make) given a water-repellent finish beforehand so that it may become 2.3 mg/cm2, 
spreading desiccation of the substrate layer paste C was carried out so that catalyst coverage might serve as 

0. 1 mg/cm2, and the cathode diffusion layer was created. 
[0017] 

3. Creation of Anode Diffusion Layer 

2.3g (VGCF: Showa Denko make) of crystalline carbon fibers was mixed to lOg (trade name: TEC 61E54, 
Pt:Ru=l :1, Tanaka Kikinzoku Kogyo make) of Pt-Ru support carbon particles which set the weight ratio of 
ion conductive polymer (trade name: NafionSESl 12, product made from Dupont) lOOg, and a carbon black 
and a catalyst to 46:54, and it considered as the substrate layer paste A (for the 2nd anode catalyst bed). 
Moreover, 18g (trade name: made in [ Cabot ] the Balkan Peninsula XC75) of carbon black powder was 
mixed to ethylene glycol at 12g (trade name: L170J, Asahi Glass Co., Ltd. make) of Teflon (trademark) 
powder, and it considered as the substrate layer paste B (it is the same as the above-mentioned substrate 
layer paste B). 
[0018] 

After applying and calcinating the substrate layer paste B on the carbon paper (TGP060, Toray Industries 
make) given a water-repellent finish beforehand so that it may become 2.3 mg/cm2, spreading desiccation of 
the substrate layer paste A was carried out so that 0.1 mg /might be set to 2 cm in the amount of catalysts, 
and it considered as the anode diffusion layer. 
[0019] 

4. Production of Electrode Structure 

After having arranged the cathode diffusion layer to the cathode pole of the above-mentioned electrolysis 
film-electrode complex and having arranged the anode diffusion layer to the anode pole, it unified in hot 
pressing and considered as the electrode structure of an example 1 . 
[0020] 

<The example 1 of a comparison> 

1. Production of Electrolysis Film-Electrode Complex 

2.5g (trade name: VGCF, Showa Denko K.K. make) of crystalline carbon fibers was mixed to lOg (trade 
name: TEC10E50E, Tanaka Kikinzoku Kogyo make) of platinum support carbon particles which set the 
weight ratio of ion conductive polymer (trade name: NafionSE20192, product made from Dupont) 35g, and 
carbon black and platinum to 50:50, and it considered as the cathode catalyst paste. 
[0021] 

After applying and drying the substrate layer paste C used in the example 1 on the FEP sheet so that the 
amount of Pt(s) may serve as 0.1 mg/cm2, on it, further, spreading desiccation was carried out so that the 
amount of Pt(s) might serve as 0.3 mg/cm2, and the above-mentioned cathode catalyst paste was used as the 
cathode electrode sheet. 
[0022] 

lOg (trade name: TEC 61E54, Pt:Ru=l:l, Tanaka Kikinzoku Kogyo make) of Pt-Ru support carbon particles 
which set the weight ratio of ion conductive polymer (trade name: NafionSE20192, product made from 
Dupont) 36.8g, and a carbon black and a catalyst to 46:54 was mixed, and it considered as the anode catalyst 
paste. 
[0023] 

After carrying out spreading desiccation of the substrate layer paste A used in the example 1 on the FEP 
sheet so that it may become 0. 1 mg/cm2 in the amount of catalysts, on it, further, spreading desiccation was 
carried out so that the amount of catalysts might serve as 0.2 mg/cm2, and the above-mentioned anode 
catalyst paste was used as the anode electrode sheet. The above-mentioned cathode electrode sheet and the 
anode electrode sheet were imprinted on the electrolysis film by the decal method, and electrolysis film- 
electrode complex was obtained. 
[0024] 

2. Production of Electrode Structure 
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The substrate layer paste B used for the carbon paper given a water-repellent finish beforehand in the 
example 1 was applied and calcinated by 2.3 mg/cm2, the diffusion layer was produced, the above- 
mentioned electrolysis film-electrode complex was put by this diffusion layer, and it considered as the 
electrode structure of the example 1 of a comparison. 
[0025] 

<The example 2 of a comparison> 

1 . Creation of Cathode Electrode 

After applying and calcinating the substrate layer paste B which used in the example 1 on the carbon paper 
(trade name: TGP060, Toray Industries, Inc. make) given a water-repellent finish beforehand by 2.3 
mg/cm2, the spreading desiccation of the cathode catalyst paste which used further the substrate layer paste 
A used in the example 1 in the example 1 after spreading / desiccation so that catalyst coverage might serve 
as 0.1 mg/cm2 carried out so that the amount of Pt(s) may serve as 0.3 mg/cm2, and it considered as a 
cathode electrode. 
[0026] 

2. Creation of Anode Electrode 

After applying and calcinating the substrate layer paste B which used in an example 1 on the carbon paper 
(trade name: TGP060, Toray Industries, Inc. make) given a water-repellent finish beforehand so that it may 
become 2.3 mg/cm2, the spreading desiccation of the anode catalyst paste which used further the substrate 
layer paste C used in the example 1 in the example 1 after spreading desiccation so that catalyst coverage 
might serve as 0.1 mg/cm2 carried out so that the amount of catalysts may serve as 0.3 mg/cm2, and it 
considered as an anode electrode. 
[0027] 

3. Production of Electrode Structure 

The electrolysis film was put and the above-mentioned cathode electrode and the anode electrode were 

made into the electrode structure of the example 2 of a comparison. 

[0028] 

<The example 3 of a comparison> 

1 . Production of Electrolysis Film-Electrode Complex 

2.5g (VGCF: Showa Denko make) of crystalline carbon fibers was mixed to lOg (TEC10E50E, Tanaka 
Kikinzoku Kogyo make) of platinum support carbon particles which set the weight ratio of ion conductive 
polymer (trade name: NafionSE20192, product made from Dupont) 35g, and carbon black and platinum to 
50:50, and it considered as the cathode catalyst paste. This cathode catalyst paste was applied and dried so 
that the amount of Pt(s) might serve as 0.3 mg/cm2 on an FEP sheet, and it considered as the cathode 
electrode sheet. 
[0029] 

lOg (trade name: TEC 61E54, Pt:Ru=l:l, Tanaka Kikinzoku Kogyo make) of Pt-Ru support carbon particles 
which set the weight ratio of ion conductive polymer (trade name: NafionSE20192, product made from 
Dupont) 36.8g, and a carbon black and a catalyst to 46:54 was mixed, and it considered as the anode catalyst 
paste. This anode catalyst paste was applied and dried so that the amount of catalysts might serve as 0.2 
mg/cm2 on an FEP sheet, and it considered as the anode electrode sheet. These cathode electrode sheet and 
the anode electrode sheet were imprinted on the electrolysis film by the decal method, and electrolysis film- 
electrode complex was produced. 
[0030] 

2. Production of Cathode Diffusion Layer 

lOg (trade name: TEC10E50E, Tanaka Kikinzoku Kogyo make) of platinum support carbon particles which 
set the weight ratio of ion conductive polymer (trade name: NafionSE51 12, product made from Dupont) 
lOOg, carbon black, and platinum to 50:50 was mixed, and it considered as the substrate layer paste C2. 
[0031] 

18g (trade name: made in [ Cabot ] the Balkan Peninsula XC75) of carbon black powder was mixed to 
ethylene glycol at 12g (trade name: L170J, Asahi Glass Co., Ltd. make) of Teflon (trademark) powder, and 
it considered as the substrate layer paste B. 
[0032] 

After applying and calcinating the substrate layer paste B by 2.3 mg/cm2 on the carbon paper (trade name: 
TGP060:Toray Industries, Inc. make) given a water-repellent finish beforehand, the substrate layer paste C2 
used in the example 1 was applied and dried so that catalyst coverage might serve as 0.1 mg/cm2, and the 
cathode diffusion layer was created. 
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[0033] 

3. Creation of Anode Diffusion Layer 

lOg (trade name: TEC 61E54, Pt:Ru=l :1, Tanaka Kikinzoku Kogyo make) of Pt-Ru support carbon particles 
which set the weight ratio of ion conductive polymer (trade name: NafionSESl 12, product made from 
Dupont) lOOg, and a carbon black and a catalyst to 46:54 was mixed, and it considered as the substrate layer 
paste A2. 
[0034] 

18g (product made from Balkan Peninsula XC75:Cabot) of carbon black powder was mixed to ethylene 
glycol at 12g (trade name: L170J, Asahi Glass Co., Ltd. make) of Teflon (trademark) powder, and it 
considered as the substrate layer paste B. 
[0035] 

After applying and calcinating the substrate layer paste B by 2.3 mg/cm2 on the carbon paper (trade name: 
TGP060, Toray Industries, Inc. make) given a water-repellent finish beforehand, the above-mentioned 
substrate layer paste A2 was applied and dried so that it might become 0.1 mg/cm2 in the amount of 
catalysts, and it considered as the anode diffusion layer. 
[0036] 

4. Production of Electrode Structure 

After having arranged the cathode diffusion layer to the cathode pole of the above-mentioned electrolysis 
film-electrode complex and having arranged the anode diffusion layer to the anode pole, it unified in hot 
pressing and considered as the electrode structure of the example 3 of a comparison. 
[0037] 

<Measurement of terminal voltage> 

Each electrode structure of the example produced as mentioned above and the example of a comparison 
carries out the laminating of the 1st anode catalyst bed, the 2nd anode catalyst bed, a hydrophobic layer and 
a diffusion layer, and the 1 st cathode catalyst bed, the 2nd cathode catalyst bed, a hydrophobic layer and a 
diffusion layer to the both sides of the electrolysis film in this sequence. The void content of each catalyst 
bed is shown in a table 1 . 
[0038] 

[A table 1 ] 
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[0039] 

Next, a utilization factor [ in / to the fuel cell incorporating the above-mentioned electrode structure / eel 
temperature: 80 degree C, amount of humidification: anode 45RH%, cathode 85RH%, and 0.5 A/cm2 ]: 
Anode 60%, pure hydrogen was supplied to the anode under cathode 60% conditions, and change of the 
terminal voltage when changing current density was investigated. The result is shown in drawing 1 . 
[0040] 

There is little lowering of the terminal voltage at the time of making current density increase in the example 
with the larger void content of the 2nd catalyst bed than the void content of the 1 st catalyst bed so that 
drawing 1 may show. This shows that the reaction effectiveness of a catalyst can attain high power and a 
well head highly with the electrode structure of this invention. 
[0041] 

[Effect of the Invention] 
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As explained above, since the void content of the 2nd catalyst bed by the side of a diffusion layer was made 
larger than the void content of the 1 st catalyst bed by the side of the electrolysis film, according to this 
invention, the reaction effectiveness of a catalyst can attain high power and a well head highly. 
[Brief Description of the Drawings] 

[Drawing 1] It is the diagram showing the relation of the current density and terminal voltage in the example 
of this invention. 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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(54) ELECTRODE STRUCTURE FOR SOUD POLYMER FUEL CELL AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode structure for a solid polymer fuel cell and 
its manufacturing method having a high reaction efficiency of a catalyst capable of establishing 
a high output and high efficiency. 

SOLUTION: A 1st laminate having a 1st anode catalyst layer and a 1st cathode catalyst layer 
formed on both sides of a polymer electrolyte film is produced, and a 2nd laminate having a 2nd 
anode catalyst layer formed on an anode diffusion layer is produced. The 1 st and the 2nd 
laminates are joined to each other so that the 1st anode catalyst layer of the 1st laminate 
comes into contact with the 2nd anode catalyst layer of the 2nd laminates. A 3rd laminate 
having a 2nd cathode catalyst layer formed on a cathode diffusion layer is produced, and the 
1st and the 3rd laminates are joined each other so that the 1st cathode catalyst layer of the 
1st laminate comes into contact with a 3rd cathode catalyst layer of the 3rd laminate. 
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